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I.  INTRODUCTION 

The  SOLEX  Solar  X-Ray  Spectrometer/Spectroheliograph  payload  was  launched 
in  the  pointed  section  of  the  U.S.  Air  Force  Space  Test  Program  P78-1 
satellite  on  24  February  1979  and  is  currently  obtaining  solar  raster  maps  in 
individual  x-ray  spectral  lines  and  recording  spectra  in  the  3-25  A  wavelength 
interval  with  excellent  spectral,  spatial  and  temporal  resolution  (Landecker 
et  al.,  1979a,  1979b,  1980;  McKenzie  et  al*,  1980a,  1980b,  1981;  Landecker  and 
McKenzie,  1980;  Doschek  et  al*,  1981  X  A  sealed  proportional  counter  detector 
is  sensitive  only  up  to  about  14  A.  In  order  to  detect  the  many  x-ray  lines 
above  14  A,  given  the  constraint  that  flow  counter  systems  were  not  permitted, 
we  selected  as  one  SOLEX  detector  a  CEMA  (for  Channel  Electron  Multiplier 
Array)  device. 

The  Galileo  Chevron  CEMA  is  a  high  gain,  low  noise  x-ray  sensitive  detec¬ 
tor  that  consists  of  two  plates  of  straight,  narrow  tubes  that  are  separated 
by  an  insulator  (Wiza,  1979).  The  tubes  In  the  plates  are  biased  with  respe' t 
to  each  other;  this  dramatically  reduces  the  problem  of  ion  feedback  which,  if 
present,  would  appear  as  spurious  background. 

The  orientation  of  channels  in  the  plates  in  shown  in  Figure  1.  The 
length  of  the  CEMA  tubes  was  chosen  to  obtain  a  large  channel  length  to  chan¬ 
nel  diameter  (L/b)  ratio*  An  L/D  ratio  of  86  was  selected  to  achieve  a  better 
pulse  height  distribution  (i.e.  detector  resolution)  at  the  desired  high 
electron  gain,  and  to  minimize  gal;  variations  between  individual  microchan- 
nels.  The  bias  angle  between  the  CEMA  channels  and  the  normal  to  the  front 
plate  was  determined  by  Galileo  to  be  3°  45*  £  10*. 

On  the  low  voltage  side  of  the  CEMA  there  Is  located  an  assembly  consist¬ 
ing  of  aluminized  and  clear  polypropylene  filters  to  block  solsr  EUV  and  UV 
radiation  and  electrons,  to  serve  as  s  Faraday  shield,  and  to  keep  the  CEMA 
clean  during  prelaunch  tests  and  handling  (Landecker  and  Eng,  1978).  A  coat¬ 
ing  of  magnesium  fluoride  on  the  CEMA  cathode  was  used  to  increase  the  quantum 
efficiency. 

This  report  describes  the  results  of  extensive  testing  of  the  flight  and 
flight  spare  CEMA  detectors. 
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II.  EXPERIMENTAL  SETUP 


An  X-ray  source  consisting  of  a  Henke  tube,  a  rotary  fluorescent  target 
wheel  and  a  mechanical  collimator  was  used  to  determine  the  pertinent  charact¬ 
eristics  of  the  Galileo  CEMAs.  The  x-ray  energies  produced  by  the  source 
included 


FeKa 

(1.937 

A) 

CrKa 

(2.291 

A) 

1'iKa 

(2.750 

A) 

SnLa 

(3.600 

A) 

AgLa 

(4.154 

A) 

Mo  La 

(5.406 

A) 

Sr  La 

(6.862 

A) 

SiKa 

(7.126 

A) 

AiKa 

(8.338 

A) 

SeLa 

(8.990  A) 

MgXa 

(9.889 

A) 

GeLa 

(10.44 

A) 

ZnLa 

(12.26 

A) 

CuLa 

(13.33 

A) 

NiLa 

(14.57 

A) 

Co  La 

(15.97 

A) 

Fela 

(17.57 

A) 

FKa 

(18.32 

A) 

HnLa 

(19.45 

A) 

CrLa 

(21.67 

A) 

OKa 

(23.71 

A) 

VLa 

(24.26 

A) 

TiLa 

(27.39 

A) 

The  x-rays  were  collimated  by  a  number  of  stainless  steel  tubes  of  0.1“ 
diameter  and  24“  length.  The  full  width  collimation  of  the  source  was  0.24° 
while  the  circular  beam  exiting  the  collimator  was  5/16“  in  diameter.  This 
collimated  monochromatic  x-ray  beam  was  alternately  allowed  to  intercept  the 
CEMA  under  test  and  a  flow  proportional  counter  monitor  of  known  efficiency. 
The  x-ray  source  configuration  is  shown  schematically  in  Figure  2. 

111.  TESTING 

Oats  was  taken  to  determine  tne  quantum  efficiency  (q.B.)  of  CEMA  #101 
(currently  aboard  P78-1  satellite)  and  flight  spare  CEMA  #102  as  a  function  of 
the  angle  of  incidence  between  the  CEMA  normal  and  x-ray  beam  from  the  collim¬ 
ator.  The  CEMAs  were  aounted  so  that  the  normal  to  the  front  plate  was  ap¬ 
proximately  parallel  to  the  x-ray  beam  while  the  rotary  table  on  which  the 
CEMA  was  attached  could  be  rotated  by  ±  7°.  The  data  for  CEMA  #101  are  plot¬ 
ted  in  Figure  3.  The  q.E.  is  a  minimum  when  the  x-ray  beam  points  directly 
down  the  tubes  of  the  front  plate* 

The  graph  of  quantum  efficiency  versus  wavelength  for  different  angular 
positions  shows  a  maximum  when  the  angle  between  the  CEHA  channel*  and  the  x- 
ray  beam  is  approximately  2.6°.  A  fairly  good  efficiency  is  obtained  for 
wavelengthe  At  Ko  ,  MgKo  ,  and  CuLo  at  the  angular  configuration  where  the 
CEMA  channel*  are  4°  to  the  x-ray  beam.  This  point  la  Indicated  by  the  arrow 
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at  0°  in  Figure  3  and  is  called  the  flight  configuration.  (It  should  be  noted 
that  the  flight  configuration,  with  reference  to  Figure  1,  means  that  Vfront  ■ 

^shield  "  0  Volts’  and  Vmiddle  top"  Vmiddle  bottom  “  0  Volt8‘>  ^  °Ptimum 
angle  of  about  4°  between  the  incident  photon  (X-ray)  beam  and  the  front 

channels  resulted  in  a  reasonable  compromise  between  quantum  efficiency  and 

resolution. 

Tests  were  performed  to  measure  the  detector  degradation  as  a  function  of 
exposure.  An  analysis  of  CEMA  #101  shows  that  pertinent  parameters  can  be 
plotted  versus  the  total  number  of  pulses  counted  by  the  pulse  height  analyzer 
(FHA).  The  source  beam  is  collimated  so  that  all  X-rays  hit  one  spot  on  this 
CEMA  and  form  a  circular  impact  area  0.46  inches  in  diameter. 

Figure  4  which  gives  the  CEMA  gain  versus  total  PHA  counts  shows  that  the 
gain  linearly  decreases  wich  total  pulses.  As  shown  in  Figure  5,  the  Q.E. 
versus  total  PHA  counts  tends  to  slowly  decrease  with  total  counts.  The  FWHM 
(Full  Width  at  Half  Maximum)  (%)  resolution  of  the  counter  versus  total  PHA 
counts  (Figure  6)  tends  to  decrease  slightly  with  total  counts.  At  the  same 
time,  the  dark  counting  rate  in  general  tends  to  increase  with  total  counts 
(Figure  7).  At  the  end  of  all  these  lifetime  tests,  a  new  data  point  was 
plotted  on  all  graphs  by  illuminating  a  region  on  the  CEMA  which  previously 
had  not  been  exposed  to  radiation.  The  data  shows  that  the  new  spot  on  CEMA 
#101  had  an  increase  in  gain  and  Q.E.  but  that  there  was  no  particular  differ¬ 
ence  with  regard  to  FWHM  {%)  or  dark  counting  rate.  The  new  points  are  given 
in  Figures  4-7  (dashed  lines). 

Data  was  also  taken  to  determine  the  effect  of  applying  a  voltage  between 
the  shield  and  front  plate;  the  voltage  was  varied  between  0  and  SO  volts. 
This  was  done  to  see  if  the  detector  resolution  or  quantum  efficiency  would 
improve.  The  resolution  does  improve  slightly  as  the  applied  voltage  in¬ 
creases  to  near  50  volts.  However,  the  quantum  efficiency  remains  constant. 
The  effect  is  plotted  in  Figures  8  and  9. 

A  voltage  (20-50  voltu)  was  also  applied  between  the  middle  bottom  tab 
and  the  middle  top  tab  to  see  if  the  resolution  or  quantum  efficiency  could  be 
improved.  As  shown  in  Figure  10,  the  resolution  does  improve  as  the  applied 
voltage  increases.  However,  as  shown  in  Figure  11,  the  quantum  efficiency 
again  remains  constant* 
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St  Quantum  efficiency  versus  total  pulse  Haight  analyser  counts  Crum  CERA  #101 
In  the  flight  configuration*  The  hashed  lines  show  the  Q.E*  change  when  X- 
rays  hit  a  different  sac  cion  of  tUa  CERA  previously  free  from  radiation* 
Several  combinations  of  wavelengths,  voltages  and  Incident  angles  are 


6*  Full  width  at  half  max in no  versus  total  pulse  height  analyser  counts  from 
CEMA  #101  In  the  flight  configuration*  The  dashed  lines  show  the  resolu¬ 
tion  change  when  X-rays  hit  a  different  section  of  the  CEHA  previously  free 
from  radiation.  Several  combinations  of  wavelengths*  voltages  and  Incident 
angles  are  shown* 


:«)  versus  total  pulse  height  analyzer 
t  configuration.  The  dashed  lines  show 

hit  a  different  section  of  the  CEMA 
Several  combinations  of  wavelengths. 
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The  extent  to  which  our  resolution  improves  as  the  applied  voltage  in¬ 
creases  differs  from  that  reported  by  J.  L.  Wiza  (1977).  In  applying  50  volts 
between  the  middle  top  tab  and  middle  bottom  tab,  we  improved  our  resolution 
from  160  to  150%,  whereas,  Wiza  was  able  to  improve  his  resolution  from  160  to 
110%.  There  are  two  possible  reasons  for  this  disparity  of  results.  We  used 
X-rays  while  Wiza  used  UV  excitation  and  the  CEMA  devices  could  have  been 
manufactured  to  different  specifications. 

In  both  of  the  tests  above  where  voltages  were  varied,  the  gain  of  the 
CEMA  became  lower  as  the  differences  (Vfront  -  Vshield  or  top  - 

^middle  bottom^  increased.  This  effect  was  due  to  the  net  voltage  across  the 
plates  decreasing  at  the  same  time. 

Data  was  also  taken  in  Ai  Ka  ,  CuLa  ,  and  FKa  to  determine  the  CEMA  gain 
as  a  function  of  the  voltage  from  the  shield  to  the  collector  for  the  case 

where  ^middle  ’  Vfront  *  Vback  ~  Vmiddle  "  1CEMA  *  <4*5  oe8oho)  and  Vcollector 
-  Vback  ■  ICEMA  x  (1.3  megohm).  The  results  show  a  fairly  linear  behavior  as 

can  be  seen  in  Figure  12. 

Also,  the  resolution  (%FWHM)  versus  the  voltage  across  the  shield  to 
collector  for  the  case  where  Vralddle  -  Vfront  -  Vfeack  -  Vmi<Jdle  -  ICEMA  x  (4.5 
megohm)  and  VcollecCor  -  Vback  •  ICEMA  x  (1.3  megohm)  was  measured.  The 
results  show  the  resolution  is  improved  as  the  voltage  across  the  CEMA  (shield 
to  collector)  increases.  However,  the  counter  lifetime  probably  also  de¬ 
creases  as  the  tube  gain  is  increased  (Figure  13). 

Upon  reviewing  the  data  obtained  when  varying  the  voltages  across  the 

CEMA  (Vniddle  top  -  Vffllddle  totta*  and  Vfront  “  Vshicld>>  lc  wa®  decided  t0 
adopt  the  "flight**  configuration  in  order  to  maximize  the  detector  simplicity 

and,  therefore,  the  post-launch  reliability,  since  the  voltage  refinements  did 
not  substantially  improve  our  measured  performance  of  CEMA  #101. 

Figure  14  shows  the  quantum  efficiency  versus  wavelength  (at  At  Ka  , 
MgKa,  and  CuLa  )  for  different  angles  between  the  x-ray  beam  and  the  CEMA 
channels. 

Figure  15  shows  the  resolution  versus  wavelength  for  different  angles 
between  CEMA  cnennels  and  x-ray  beam,  and  different  voltages  across  the  CEMA. 
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12.  Cain  versu*  vcon,tctor  “  v*hi*ld  *ot  C®**  *101.  The  two  Al  Ko  cnaes 
•hown  are  the  flight  configuration  V*ftont  **  vghieid  “  0  volt*  and  Vmlddle 
top  “  v«iddla  bottoa  “  0  volt»>  “d  tlM»  •Ituation  whata  Vfronc  -  V#hleld  - 
0  volt*  and  V#lddU  top  -  VmlddU  *  20  *olt*  ^<u#he<1  Un«>*  In  both 

caaaa  tha  X-ray*  ar*  incident  approximately  4°  to  tha  CEMA  channel*.  Data 
point*  for  other  linaa  are  ahoim  for  tha  flight  configuration. 


$0 


2900 


_J _ I - 

2700  2800 

VCOU£CTOR  '  V$HI£U>  (V0LTS) 

13*  Full  width  at  half  eaximua  versus  vcollector  “  Vshleld  *or  CE,U 

The  two  case*  shown  ere  the  flight  configuration  (vfrotU  *•  v»hield  “  0 
volte  end  V#ld<JU  top  -  VwlddU  bottN  -  0  volte  with  the  angle  between 
CBtA  channels  and  X-ray  beau  approximately  4°)  end  the  situation  where 

Vfront  -  ^shield  "  0  v0l“  mni  v*iddie  top  “  Middle  bottoe  "  0  volt*  wlth 
the  angle  between  CSKA  channels  and  X-ray  beam  approximately  8.1°  (dashed 


I  9  10  II  12  13  >4  15  16  17  II  19  20 

WAVU1NG1H  »Jb 

l A.  Quantt*  efficiency  versus  wavelength  for  CEHA  #101  with  shield  #1 
present,  the  four  curves  show  the  Q.E.  for  the  esses  of  different  angles 
between  CEHA  channels  and  X-ray  been.  The  effects  of  absorption  edges  have 

been  Included. 
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FULL  WIDTH  AT  HALF  MAXIMUM  (%) 


CEMA  No.  101 


FLIGHT  CONFIGURATION 
'  ^COLLECTOR  "  ^SHIELD  *  1,00  V0LTS 
NOMINAL  FLIGHT  VOLTAGE) 


_  FLlGHT  CONFIGURATION 
(VCOLLtCTOR-VSHIELO  *  2!C0  VOLTS)  - 


_  _ — ' - 'T— ANGLE  BETWEEN  CEMA  CHANNELS  AND  X-RAY  BEAM*  S® 

^  A  /  ^COLLECTOR  “vSHIEL0  *  2700  V0LTS> 

- - - 

ft- - ANGLE  BETWEElHCEMA  CHANNELS  AND  X-RAY  BEAM  -  7.7® 

<VCOLIECTOR  -V$HIELD  ’  27B®  V0I-TS) 

•  FLIGHT  CONFIGURATION  4  ,luJ 

^COLLECTOR  _VSHIELD  *  2900  V0LTSI 

ft  ANGLE  BETWEEN  CEMA  CHANNELS  AND  X-RAY  REAM  ■  7.7* 

^COLLECTOR  _VSHIELD  *  2900  voasl 


ft  ANGLE  BETWEEN  CEMA  CHANNELS  AND  X-RAY  BEAM  •  7.7® 
<vC0LL£CT0R  “  ^SHIELD  *  2900  v0l-TS1 


10  12  14  16  18  20  22  24 

WAVELENGTH  (X) 


15,  Pull  width  of  half  maximum  versus  wavelength  for  CEMA  #101  (Vfront 
vshield  "  0  volt®  Vmiddle  top  **  Vmiddle  bottom  "  0  volt8>* 


25 


In  Figure  16  we  compare  our  nearurements  of  the  quantum  efficiency  versus 
Angular  position  for  CEMA  fr 101  to  similar  measurements  by  two  other  experi¬ 
menters.  It  is  seer,  that  for  AJL  Ka  ,  the  Q.E.  for  #101  is  higher  overall  than 
that  for  either  Henry  et  aJ  (.1377)  or  Bjorkholm  et  al  (1977).  This  higher 
Q.E.  for  all  angular  positions  may  be  due  to  a  different  glass  composition  or 
cathode  coating  of  our  CEMA  than  that  used  by  Henry  et  al.  and  Bjorkholm  et 
al.  It  should  be  noted  that  Henry  et  al.  used  a  coated  Mullard  plate  while 
Bjorkholm  et  al.  used  an  uncoated  Mullard  plate.  The  full  width  beam  spread 
of  the  Bjorkholm  test  was  1°. 

A  comparison  of  the  peak  Q.E.  versus  wavelength  curve  for  CEMA  #101  to 
the  same  curve  obtained  by  other  experimenters  is  shown  in  Figure  17.  The 
quantum  efficiencies  we  obtained  in  the  8.34  to  13. 3A  range  peaked  above 
those  of  the  other  investigators. 

Several  CEMa  lifetime  tests  by  other  investigators  using  X-rays  have  been 
made.  One  study  was  performed  by  Henry  et  al.  (1977)  and  the,..*  results  are 
given  in  Figures  18(a)  and  18(b).  Henry's  type  v  plates  apparently  reached  a 
plateau  or  steady  gain  region  after  10  counts/mm  .  For  the  type  X  plates, 
the  gain  decreases  with  increasing  dose  and  ao  plateau  in  gain  is  reached.  We 
do  not  know  how  our  Galileo  CEMA  #101  compares  in  glass  composition  to  either 
the  Type  Y  or  Type  X  plate  of  Henry  et  al.  so  that  it  is  difficult  to  make  a 
reasonably  valid  comparison.  Peter  Graves  of  Galileo  (private  communication) 

indicated  that  we  might  expect  the  gain  to  decline  from  about  4  x  10^  co  2  x 

7  7  7 
10  during  the  first  10  total  counts/mm6  subsequently  stabilizing  near  the 

11  2 

latter  value  until  reaching  about  10AA  accumulated  ccunts/mm  (see  Figures  4- 
7).  Near  this  point  the  gain  should  drop  rapidly.  We  note  that  in  our  test¬ 
ing  of  CEMA  #101,  we  did  not  exceed  3.1  x  10^  counts/ma^  (seo  Figures  4-7). 
Therefore,  we  have  not  irradiated  CEMA  #101  with  enough  X-rays  to  come  to  a 
definite  conclusion  concerning  the  predicted  plateau  effect. 

It  should  be  recognized  that  studies  of  the  long  term  effect  of  X-ray6  on 
CEMA  devices  have  yielded  different  results.  Sandel  et  al.  (1977),  found  no 
period  of  stable  gain  during  2300  total  hours  of  testing.  On  the  other  hand, 
Ruggieri  (1972),  who  tested  two  plates  for  7000  hours,  found  them  to  exhibit 
stable  gain  for  the  last  6000  hours.  The  manufacturing  process  of  the  micro- 
channel  plates  is  pobably  responsible  for  such  reported  effects. 
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QUANTUM  EFFICIENCY  <%) 


ANGULAR  POSITION 


16.  Quantum  efficiency  versus  angulsr  position  (between  CEMA  normal  and  X-ray 
beam)  for  CEliA  #101.  High  voltage  -  2700  volts  (between  shield  and 

collector).  vfront  “  v*hield  "  ^  volts.  vnid,ile  top  “  Vmiddle  bottom 
20  volts.  Q.  E.  corrected  for  effects  of  shield  #1.  Results  of  Henry  et 

al.  and  BJorkhola  et  al.  also  are  shown. 


27 


18. 


Gala  versus  dose  for  two  different  types  of  plates  tested  by  Henry  et  al* 


29 


We  also  extensively  tested  CEMA  #102  which,  like  CEMA  #101,  was  made  by 
Galileo*  The  test  setup  £or  CEMA  #102  was  essentially  the  same  as  shown  in 
Figure  1  except  that  both  the  front  plate  and  shield  support  were  grounded  and 

Vmiddle  bottom  and  Voiddle  top  were  at  the  8aoe  voltage. 

CEMA  #102  can  be  compared  with  two  other  channel  arrays  for  Q.E.  versus 
angular  orientation.  As  seen  in  Figure  19,  the  results  of  #102  for  A1  Ko  can 
be  plotted  along  with  those  obtained  by  Henry  et  al.  (1977)  and  Bjorkholm  et 
al.  (1977).  The  results  we  obtained  for  cathode  coated  CEMA  #102  are  nearly 
the  same  as  those  of  Henry  et  al.  (also  coated),  but  higher  than  those  of 
Bjorkholm  et  al.  (uncoated).  Note  that  if  one  multiplies  the  peak  Bjorkholm 
et  al.  Q.  E.  on  Figure  19  by  1.64,  the  ratio  of  coated  to  uncoated  QE's  given 
in  Table  II  of  Henry  et  al.,  all  data  is  then  in  reasonably  good  agreement 
(Henry,  1981). 

Numerous  measurements  were  taken  of  CEMA  #102  to  establish  its  quantum 
efficiency  at  different  wavelengths.  The  wavelength  interval  from  1.94  to 
27. 4A  was  studied.  The  technique  for  measuring  quantum  efficiency  involved 
using  a  standard  P-10  gas-filled  proportional  counter  (SPC)  whose  efficiency 
was  well  known  over  the  interval. 

The  Q.  E.  formula  can  be  expressed  as: 

CEMA  collector  counts  transmission  of 
n  E  ■  minus  background  counts  /  filters  on  CEMA 
*  (SPC  output  counts)  7  (efficiency  of  SPC) 

We  estimated  the  error  limits  for  the  Q.E.  by  assigning  the  extreme 
possible  values  to  the  polypropylene  shield  covering  CEMA  #102  and  to  the 
aluminized  mylar  window  on  the  proportional  counter  thereby  deriving  the 
maximum  and  minimum  values  of  quantum  efficiency.  This  was  done  at  23  differ¬ 
ent  wavelengths  between  1.94  and  27. AA.  The  results  are  shown  in  Figure  20. 
There  are  three  absorption  edges  of  interest:  6.75A  (Si-K  edge),  9.25A  (Mg- 
K  edge),  and  23.35  A  (0-K  edge). 

Due  to  delivery  constraints  on  flight  CEMA  #101,  CEMA  #102  was  more 
extensively  studied  for  Q.E.  versus  wavelength  in  the  flight  configuration 
than  CEMA  #101.  We  took  the  three  data  points  for  the  Q.E.  of  CEMA  #101 
(AlKa,  MgKa,  and  CuLa)  and  best  fit  them  to  the  curve  for  CEMA  #102,  using 
Figure  20  as  our  guide.  Thus,  we  generated  a  Q.E.  versus  wavelength  curve  for 
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19. 


Quantum  efficiency  versus  angular  position  (between  CEMA  normal  and  X-ray 
beam)  for  CEMA  // 1 0 2 •  High  voltage  *  2700  volts  (between  shield  and 
collector).  Vfront  -  VshieId  -  Vniddle  top  -  Vmiddle  bottom  -  0  volts. 
Q.E.  corrected  for  effects  of  shield  if 8  and  shield  if 9.  Results  of  Henry 
et  al.  and  Bjorkholm  et  al.  are  also  shown.  All  three  measurements  were 
made  with  Al  Ko  (8.34  A). 
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WAVELENGTH  (A) 


20.  Quantum  efficiency  versus  wavelength  for  CKMA  #102  (corrected  for  the 
effects  of  shield  #9)  in  the  flight  configuration  with  appropriate  error 
bars  and  absorption  edges  shown. 
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CEMA  #101  in  the  flight  configuration  based  on  CEMA  #102  data.  We  have  pre¬ 
sumed  that  the  two  supposedly  identical  CEMAs  have  the  same  response  at  all 
wavelengths . 

The  curve  shown  in  Figure  21  was  obtained  by  taking  points  for  quantum 
efficiency  of  CEMA  #101  at  the  same  wavelengths  as  measured  for  CEMA  #102,  and 
then  dividing  by  the  appropriate  transmissions  for  filters  #10  and  #12. 
Included  in  this  curve  are  error  estimates  of  the  uncertainties  involved  in 
calculating  the  quantum  efficiency. 

A  comparison  of  CEMA  #101  in  the  flight  configuration  with  the  results  of 
other  experimenters  is  shown  in  Figure  22.  The  curve  for  CEMA  #101  best 
matches  that  of  Kellogg  et  al  (1976).  It  should  be  noted  that  we  perceive 
three  distinct  x-ray  K-edges  from  our  CEMA  #101.  These  edges  are  the  Si  K- 
edge  (6.75A),  the  Mg  K-edge  (9.52  A  ),  and  the  0  K-edge  (23.35  A  ).  We  find 
no  F  K-edge  (18.03  A)  present  in  our  curve  although  the  CEMA  #101  cathode  was 
coated  with  MgF2.  We  recorded  data  at  many  more  wavelengths  than  the  other 
investigators  and  hence  have  reason  to  depict  the  three  K-edges  in  our  detail¬ 
ed  analysis  of  CEMA  #101.  The  other  investigators  did  not  have  any  K-edges  in 
their  Q.E.  curves. 

IV,  SUMMARY  AND  CONCLUSIONS 

We  have  found  the  Galileo  CEMA  to  be  a  useful  device  to  measure  x-rays  in 
the  3  to  25A  wavelength  interval.  The  quantum  efficiency  of  the  detector,  in 
general,  is  a  non-linear  function  of  wavelength  with  three  absorption  edges. 
The  utility  of  CEMA  #101  is  dependent  on  the  accuracy  of  the  Q.E.  versus 
wavelength  curve,  and  it  should  be  observed  that  at  longer  wavelengths  the 
uncertainties  in  quantum  efficiency  increase  due  to  the  more  marked  effects  of 
the  CEMA  shields  on  the  transmission  of  softer  x-rays. 

Our  detector  has  performed  sufficiently  well  with  regard  to  measurements 
of  resolution,  gain,  and  dark  counting  rate  while  displaying  a  quantum  effi¬ 
ciency  equal  to  or  better  than  that  of  most  investigators  at  all  wavelengths 
measured » 

Since  the  launch  of  the  USAF  Space  Test  Program  P78-1  satellite  on  24 
February  1979,  the  CEMA  #101  detector  has  operated  reliably  for  about  10000 
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21.  Quantum  efficiency  versus  wavelength  for  CEMA  #101  (taking  absorption 
edges  Into  account)  In  the  flight  configuration  with  shield  #10  and  #12 
present. 


QUANTUM  EFFICIENCY  (%> 


CEMA  MO.  101  ' 

CEMA  NO.  101  (NOT  AT  PEAK  EFFICIENCY  OUT  IN  FLIGHT  CONFIGURATION) 

CEMA  NO.  102  (NOT  AT  PEAK  EFFICIENCY  OUT  IN  FLIGHT  CONFIGURATION) 
HENRY  ET  AL  (1077) 

OJORKHOLM  ET  AL  (1077) 

KELLOGG  ET  AL  (1070) 

PARKEO  ET  AL  (1070) 

MACK  ET  AL  (1070) 

CEMA  NO.  101  FLIGHT  CONFIGURATION  (OASEO  ON  NO.  103  DATA)]  result 

CEMA  NO.  101  FLIGHT  CONFIGURATION  (OASEO  ON  NO.  101  OATA)[ 
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WAVELENGTH  (A) 
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Comparison  of  CEMA  #101  quantum  efficiency  versus  wavelength  (taking 
absorption  edges  into  account)  with  that  of  other  investigators* 


hours  with  no  noticeable  degradation.  Except  in  the  regions  of  high  particle 
background,  the  counting  rates  from  the  onboard  9.9A  radioactive  fluorescence 
calibration  source  have  been  constant  ~  120  counts /second,  about  the  same  as 
the  pre-launch  values.  The  high  voltage  power  supply  output  (Vconector  - 
V8hieid)  has  always  been  in  the  range  2600-2620  volts  since  launch. 
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LAPOtATO**  OmATlONS 


The  Laboratory  Oporacteoa  of  Th#  Aaroapace  Corporation  ia  conducting 
axparlaantal  and  thaoratlcal  inveatlgatloai  naceaaary  for  th«  evaluation  and 
application  of  ecUnttfic  advaocea  to  new  allltary  coocapta  and  ayataaa,  Var- 
aatllity  and  flexibility  have  bean  developed  to  a  high  dagrea  by  the  laborato¬ 
ry  paraonaal  in  daaliog  with  the  aaoy  problaaa  encountered  in  the  Kacioo'a 
rapidly  developing  apace  eyataaa,  Expert lae  in  the  lateat  acleotiflc  develop- 
eeata  ia  vital  to  the  eccoapliahaant  of  taaka  related  to  theaa  problaaa,  The 
laboratoriaa  that  contribute  to  thia  reaearch  aret 

Aerophyaica  Laboratory!  Aarodynanica;  fluid  dynaaica:  plaaaadynaatca: 
cheaical  bloat tea;  engineering  aachantca:  flight  dynaaica:  haat  tranafari 
high- power  gaa  laaara,  continuoua  and  pulaad,  It,  viatbla,  UV;  laaer  physica; 
laaer  reaoeator  optica:  later  effecte  end  countemeeaurea. 

Cheniatry  and  fhyalc*  Laboratoryi  Ataoapbcrlt.  reaction#  and  optical  back¬ 
ground*;  radiative  tranaler  end  atooapharlc  tranaaltaion:  the real  and  ateta- 
apaclfic  reaction  rate#  In  rochet  plueee;  chaaical  thtraedyaaalca  and  propul- 
aiaa  ehaalatry:  laaar  laptop#  ae partition;  chaaiatry  and  plaice  of  partlclaa: 
apace  eavltowaantel  and  contaaiaation  affect*  on  apacacraft  aateriala;  lubrlee- 
tiea:  aurfece  chaaiatry  of  inaulatars  and  conductor*:  cathode  paterlala:  *an- 
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